In the past decade, there has been significant progress in clinical hematology with the discovery of targeted molecules and thus the achievement of both hematologic and molecular responses. Nevertheless, chemotherapy remains the treatment of choice for many types of hematological malignancies. Aggressive chemotherapy leads to immunosuppression, accompanied by a high rate of infections and an increased rate of treatment-related mortality. Invasive fungal infections as well as more common bacterial and viral infections are frequent in immunocompromised patients as they are difficult to diagnose and treat. Pleuropulmonary infections in immunocompromised patients are diagnosed using clinical examination, imaging and laboratory tests. Many laboratory tests are run for several days before a final result is given and are expensive. Computer tomography is a reliable technique, but it is encumbered by high irradiation and high cost, and can assess lesions larger than 1 cm. Transthoracic ultrasound is a modern method, used in the diagnostic algorithm of pleuropulmonary pathology. It allows the diagnosis of small lesions, can be performed at the patients' bedside, with acceptable costs and no irradiation. A fast, informed and accurate medical decision is essential for a favorable outcome in immunosuppressed patients with an adjacent infection. In the current case series we present the implementation of a new protocol for the follow-up of immunocompromised patients using transthoracic ultrasonography, of great potential use in the clinic.
INTRODUCTION
Significant progress has been made in clinical hematology in the past decade, that allowed more aggressive treatment options including systemic chemotherapy, autologous, allogeneic or even haploidentical stem cell transplantation [1, 2] . All these therapeutic tools have improved the overall survival, but also the risk of therapy-related mortality due to infections. Despite recent progress in clinical hematology, infections still remain the main cause of mortality and morbidity in the immunocompromised patients. Most of the hematological patients are immunocompromised, at high risk of infection, which can rapidly be fatal. This risk is correlated with the hematological disease, patient's age, associated comorbidities, as well as the type of chemotherapy. The patient may thus develop bacterial, fungal or viral infections, frequently localized in the lung and/or pleura, with great potential blood dissemination and a possible rapid and unfavorable evolution [3] [4] [5] [6] . Any delay of the correct clinical management can change the patient's prognostics, often of dismal outcome. Thus, a fast medical intervention is essential for the favorable outcome.
The diagnostics of pleuropulmonary complications is based on the clinical examination, chest X-rays, computer tomography (CT) and specific laboratory test (inflammatory tests, galactomannan antigen determination, cultures from sputum or pleural effusion). All these methods have a low specificity, with a high rate of false positive tests [7] . Transthoracic ultrasound is a new, valuable, sensitive and efficient diagnostic method for pleuropulmonary complications, a good alternative for CT examination. The method can be used to evaluate the complex pathology of pulmonary parenchyma, pleura, mediastinum and thoracic wall. The costs are acceptable and there is no irradiation risk. CT examination is often difficult for many hematological patients due to their clinical status, but ultrasound can be performed at the patients' bed side. Transthoracic ultrasound can also be used for invasive procedures such as thoracocenthesis, pleural drainage, pleural or pulmonary biopsy, as well as lymph node biopsy. Any type of ultrasound machine and any type of probe can be used for thoracic examination. The examination can begin with a 2-5 MHz curve probe and can continue for accuracy with a 7.5-10 MHz linear probe. Thoracic ultrasonography can assess lesions smaller than 1 cm for the pulmonary parenchyma and less than 100 mL of pleural effusion. Due to no risk of irradiation and accessibility, the ultrasound examination can be performed on a daily basis [8] [9] [10] [11] [12] [13] [14] . Recent recommendations from both the European and American Societies of Hematology suggest the reduction of excessive, repeated, sometimes useless irradiation for hematological patients. We present a report of a case series of patients diagnosed in our clinic during May-July 2016, treated for various hematological malignancies, immunosuppressed who were afterwards diagnosed with either bacterial or fungal infections. Thus, we report the introduction of a new and modern algorithm of diagnostics for pleuropulmonary complications in immunocompromised patients by using ultrasonography in addition to classic laboratory tests and CT examination when needed.
MATERIAL AND METHODS
As a result of the collaboration between "Iuliu Haţieganu" University of Medicine and Pharmacy, "Ion Chiricuţă" Oncology Institute and the Municipal Clinical Hospital, all from ClujNapoca, our team aims to assess the efficacy of transthoracic ultrasonography for the diagnosis of pleuropulmonary complications in hematological patients that undergo chemotherapy or a stem cell transplantation. We aimed to compare ultrasonography to computer tomography, with the purpose of introducing this new and feasible protocol in Romania, that will be implemented at the "Ion Chiricuţă" Oncology Institute. The study involves patients diagnosed with a hematological malignancy and treated with standard-of-care chemotherapy, that are later on considered as immunosuppressed patients and at high risk of developing a pleuropulmonary complication, especially an infectious one. After clinical examination, we have used two methods of diagnostic imaging (computer tomography and ultrasonography, both to confirm the efficiency and for comparing the efficiency band sensitivity. Specific laboratory assays have been used to investigate the patients: C-reactive protein, test Galactomannan, cell cultures from blood or other biological products. These two imaging methods have later on been also used to determine the clinical evolution of the patients. Subsequently, the results were analyzed, centralized and correlated in order to determine the most effective, rapid and accurate diagnosis of pleuralpulmonary infections in hematological patients. This is crucial in determining the clinical management of the patients, as well as in adapting the therapeutic decisions as to reduce mortality and increase the overall survival. All patients accepted to participate in this pilot clinical study, and signed the informed consent, in accordance to all legal and ethical regulations. We used a 6-1.9 MHz transducer with a convex sector design ultrasound for thoracic examination. More detailed images were obtained using a 12-6.2 MHz linear transducer (Tochiba Aplio 500). For CT examination, AURA 2002 computer tomography was used, with Iomeron intravenous contrast and a median irradiation dose of 54.92 mGy × cm 2 .
CASE REPORTS
For the first case, a 64-year old woman was diagnosed with acute myeloid leukemia (AML) M0 after having been referred to our center with a high white blood cell (WBC) count (202.86 × 10 3 /µL) and 95% blasts, moderate anemia (7.5 g/dL) and thrombocytopenia (46 × 10 3 /µL). The peripheral blood immunophenotype revealed positivity for CD45 + (100%), CD33 + (99%), CD117 + (24%), CD64 + (63%), MPOcy + (99%), HLA-DR -(5%), CD34 -(0%), CD13 -(1%). The bone marrow karyotype was normal 46, XX and peripheral blood NPM1 type A mutation was positive. The chest X-ray and ultrasound of abdomen were both normal. Initially, she was treated with hydroxyurea, with a good hematological response. During the initial treatment with hydroxyurea, the patient presented high fever and possible pneumonia. Empiric antibiotherapy with 3 rd generation cephalosporines and antifungal medication were administered. The patient's evolution was unfavorable despite aggressive treatment. At the moment, a thoracic CT was performed and a right postero-lateral lung abscess of 7 cm and right pleural effusion were diagnosed (Figures 1 A-C) . The sputum, nose, urine or blood cultures were negative, but the pharyngeal exudates showed Candida albicans, and central line culture showed Enterococus spp. The inflammatory tests revealed high erythrocyte sedimentation rate (ESR) and fibrinogen, C protein reactive. The galactomannan antigen test was negative. The empirical treatment was modified with imipenem, teicoplanin and voriconazole. At the same time of CT examination, thoracic ultrasound was performed revealing bilateral pleural effusion, a right pulmonary lobe abscess, but also lower and right middle pulmonary lobe atelectasis ( Figures 1 D-H) .
Finally, the antibiotic and antifungal therapy was successful with apyrexia and normal clinical examination. Unfortunately, it was not possible to evaluate with CT or thoracic ultrasound. "3+7" induction chemotherapy was administered, as according to the international protocols [15] . Unfortunately, during bone marrow aplasia, the patient presented an acute ischemic stroke of the left carotid artery and succumbed. In conclusion, for this patient with a high-risk AML (due to high WBC and normal karyotype, despite NPM 1-type A mutation), the prognostic was poor secondary to the associated pulmonary infection at presentation, with poor response to antibiotherapy. The CT examination was useful for the diagnostic of the pulmonary abscess and right pleural effusion, but the thoracic ultrasound examination was as reliable as the CT examination for the diagnosis of the lung abscess. Moreover, the transthoracic ultrasonography gave the physicians a higher accuracy for the diagnosis of the bilateral pleural effusion. The right lung atelectasia was only seen using the transthoracic ultrasonography (TU). The results of both examinations were correlated as well with the inflammatory and bacteriological tests. Transthoracic ultrasonography was carried out at the patient's bed side and an initial, fast TU could probably have diagnosed the pulmonary abscess at the beginning of symptoms. This would have suggested the initiation of chemotherapy. Still, despite intensive antibiotherapy, the patient's evolution was unfavourable.
For the second patient, we diagnosed a 55-year old woman with a non-germinal center diffuse large B cell non-Hodgkin lymphoma (DLBLC), Ann-Arbour stage IV B (with renal, hepatic, pancreatic, splenic involvement), treated with cyclophosphamide, hydroxydaunorubicin, vincristin and prednisone (CHOP) chemotherapy, as according to the international protocol [16] . Rituximab was added after 4 cycles of CHOP chemotherapy. The patient presented with concomitant renal failure in need of hemodialysis 2-3 times/week. The initial CT examination revealed involvement of both kidneys, liver, pancreas and spleen, peritoneal adenopathies and normal thoracic examination. Prophylactic therapy with filgrastim was started on day 2 after chemotherapy. At day 10 of bone marrow aplasia, the patient presented with high fever. Blood cultures revealed Enterococcus spp, also shown in the sputum. Oral infections with Acinetobacter baumannii and cistitis with Klebsiella spp. were diagnosed. The sputum culture also revealed Candida famata. The inflammatory tests were positive with high procalcitonine at 24 ng/mL (normal range < 0.5) and PCR at 30 mg/dL (normal range < 0.5). Treatment with imipenem and teicoplanin, in renal doses, was started. Despite intensive antibiotherapy, the patient's general status did not improve and a pulmonary infection was the main differential diagnosis. Due to patient's status, a chest X-ray was performed that showed small right pleural effusion and no pulmonary abnormalities (Figure 2 A-B) . In conclusion, for this patient the order was the obtaining of a good clinical outcome using CHOP chemo-therapy, as well as the fact that despite multiple disseminated infections, an intensive antibiotic treatment can be efficient if the clinical monitoring using transthoracic ultrasonography is appropriate. The ultrasound-based examination of the thorax proved to be useful and accurate. There was a slight difference between the chest X-rays and thoracic ultrasound, with TU being able to distinguish even small infectious lesions. The ultrasound imaging correlated with bacterial and inflammatory tests. The patient's case is a complex one, with an aggressive malignant disease, solved using a multidisciplinarity approach. Repeated transthoracic ultrasonographical examination was needed for this patient with multiple site infections, as the patient later continued to undergo several courses of chemo-immunotherapy.
The third case is that of a 64-year old gentleman diagnosed with a IgG kappa stage III multiple myeloma (MM). The patient had undergone two courses of chemotherapy with vincristine, doxorubicine and dexamethasone (VAD) and six more courses of chemotherapy with bortezomib, cyclophosphamide and dexamethasone (VCD), as according to international protocols [17] . In March 2016, an autologous stem cell transplantation was performed. Bone marrow aplasia secondary to the autologous transplantation was complicated with acute hemor-rhagic cystitis. The patient did not completely recover from the aplasia not even after three months since the autologous stem cell transplantation. Repeated bone marrow examination revelead no plasmocytic infiltration and hypocellularity with a megakaryocytic series. Corticotherapy was administered at initial dose of 1 mg/kg, with subsequent tappering of the initial dosage, which led to an initial partial hematological response. The patient's evolution was complicated by repeated pulmonary infections with Candida krusei, as well as an acute enterocolitis with Clostridium difficile treated with oral vancomycine. Proper antifungal treatment with posaconazol was administered, but the patient's pulmonary infection had no favourable response. Repeated sputum culture showed Candida spp and the blood cultures showed Enterococus spp infection. The clinical evaluation of the patient was followed by a thoracic CT, that revealed no pulmonary lesions and thickening of right pleura (Figure 3 A) . The computed tomography examination was accompanied by transthoracic ultrasonography, that showed small bilateral pleural effusions, visceral pleural thickening and small inferior pulmonary lobe condensations (Figures   3 B-G) . Corticosteroid treatment was discontinued and aggressive antifungal and antibiotic treatment administered. Afterwards, the patient's evolution was good with negative cultures and no respiratory symptoms. Visceral fibrinous pleural deposits were also revealed. In conclusion, this patient, that presented with immunosuppression due to a polyclonal immuno-globuline paresis, has undergone standard chemotherapy, as well as high-dose conditioning chemotherapy for an autologous stem cell transplantation. Following the transplant, prolonged bone marrow aplasia was the main concern and corticotherapy administered, contributed to immunosuppression. All of the above justify the multiple infections that were accompanied with the severe physical status of the patient. The CT examination was useful in the exclusion of the pulmonary infection. Still, the transthoracic ultrasonography was more accurate and showed smaller pleural lesions and disseminated pulmonary condensations. The results of both examinations were correlated with the inflammatory and bacteriological tests. The TU was available at the patient's bedside and correct antibiotic and antifungal treatments made possible for this patient to overcome multiple site infections and receive additional stem cell infusion. The patient is alive and disease-free, being discharged from the clinic.
The fourth case is that of a 61-years old woman diagnosed with acute myeloid leukemia (AML) M0, after having been referred to our center with bicytopenia: white blood cell (WBC) count (1.81 × 10 3 / µL) and 50% blasts, moderate anemia (9.8 g/dL) and normal platelets count (242 × 10 3 /µL). The peripheral blood immunophenotype revealed positivity for CD45 + (100%), CD33 + (98%), CD117 + (23%), CD64 + (60%), MPOcy + (99%), HLA-DR -(5%), CD34 -(0%), CD13 -(2%). Bone marrow karyotype was normal 46, XX and peripheral blood FLT3 and NPM1 type A mutation was negative. The chest X-ray was normal, but the ultrasound of abdomen revealed hepatosplenomegaly at 3 cm below the costal margin. Initially, she was treated with "3+7" induction chemotherapy. After getting hematologic remission, four courses of consolidation with high dose cytarabine were administered as according to the international protocols, getting complete remission. During the consolidation treatment regimens, the patient presented septicemia with Acynetobacter lwoffii and Methicillin-resistant Staphylococcus aureus (MRSA) confirmed by blood cultures and oral candidiasis, treated according to the protocol section for febrile neutropenia, antibiotic and fungal susceptibility adapted with complete remission. No changes were detected in the lung listeners. Due to the prognosis, we proposed allotransplant marrow from an unrelated donor, but the patient refused. After 5 months of chemotherapy sessions, during the hematological monitorization, the disease relapsed, so we decide to administrate an aggressive and salvage chemotherapy regimen -FLAG-Eto (fludarabine, cytarabine, etoposide, growth factor granulocyte , during five days). During the aplasia period the patient developed high fever. Empiric antibiotherapy with 3 rd generation cephalosporines, with escaladation therapy and antifungal medication (voriconazole) were administered. The patient's evolution was unfavorable despite aggressive treatment, with prolonged febrile syndrome. Blood and urine cultures were harvested with negative result, culture secretion from the central venous catheter was negative too, procalcitonin has been unreacted, C reactive protein (CRP) was increased with value 3 mg/L. Nasal discharge culture showed Candida tropicalis multi-resistant, sensitive to echinocandins, so the caspofungin treatment was initiated, concomitant with antibiotic treatment (Meronem, Colistin, Levofloxacine) and antiviral therapy (Acyclovir). The galactomannan antigen test was negative. Despite the therapy, the fever persisted so, at that moment, a thoracic CT was performed with exudative aspect of pulmonary alveolitis (Figure 4 A-B) . Biseptol treatment was initiated with suspicion of Pneumocystis carinii with fever remission and normal clinical examination. Unfortunately, it was not possible to perform a thoracic ultrasound because the patient was transferred in the Intensive Care Unit (ICU). Subsequently, the patient presents neutropenia and thrombopenia -it was performed a bone marrow aspirate that showed refractory disease.
Afterwards, we continued the aggressive chemotherapy treatment -MEC (mitoxantrone, cytarabine, etoposide). Because the patient presented pain in the right upper quadrant with irradiation hamstrings, a thoracic and abdomen ultrasound (US) was performed revealing multiple infracentimetric hypoechogenous formations with round shaped echogenous center, some discrete veins located in all segments of the hepatic parenchyma, enlarged spleen volume with multiple nodular formations that look similar to the hepatic lesions, nodular lesion change, in appearance elongated oval periphery, disposed in a radial pattern, hypoechogenous, but with an echogenous center (hepatic and splenic lesion similar ones) with various sizes, chest stands lesional change basal medium and lateral in the left lung and basal posterior in the right lung (Figure 4 C-H). All the described lesions suggest a disseminated candidaemia. A thoracic and abdominal pelvic CT was performed and showed a round 1 cm nodular infiltrate in the left upper lobe, peripheral anterior parasternal, hypodense nodular images of 0.4-0.8 cm disseminated in the hepatic parenchyma, 1.8 cm hypodense image in the posterior right hepatic lobe; in the spleen stands out small nodular millimeter images disseminated with more hypodense areas of interest for the upper pole of the spleen (Figure 4 J-M) .
Correlating the results of both exams, the multidisciplinary diagnosis was highly suggestive to disseminated fungal infection. Due to the high risk patient situation we decide to the transfer ICU ward. In conclusion, the prognostic for this patient was poor secondary to the associated pulmonary infection related to the aplasia period , with poor response to antibiotherapy and antifungal treatment. The CT examination was useful for the diagnostic of pulmonary alveolitis, but given the prolonged febrile syndrome, the patient's condition due to infectious syndrome and bone marrow aplasia associated context, it would be useful to conduct therapeutic adaptation and evolution as rapidly favorable performing a thoracic ultrasound. Given that in the short period the patient was diagnosed US with disseminated candidaemia to the lungs, spleen and liver, result subsequently sustained by the CT examination, ultrasonography diagnosis would have been useful of the early fungal infection and constant monitoring in order to adapt the therapeutic decision. Moreover, the transthoracic ultrasonography gave the physicians a higher accuracy for the diagnosis of candidemia. The results of both examinations were correlated as well with the inflammatory and bacteriological tests. In the case of transthoracic ultrasonography could be carried out at the patient's bedside and an initial, fast TU could probably have diagnosed the disseminated candidemia at the beginning, situation that correlated with the refractory AML gives a poor prognosis to our patient .
DISCUSSION
The pilot project presented in the current paper has proven that transthoracic ultrasonography has a higher specificity in comparison with computer tomography. Very early infections can be misdiagnosed using classic CT or underdiagnosed given that the CT scan cannot detect lesions smaller than 1 cm located in the lung parenchyma or pleural effusion less than 100 mL.
For the hematological immunocompromised patients, at high increased risk of disseminated infections and with possible rapid fatal outcome, despite recent progress in hematology and infectious disease, this emergent new protocol has proven so far to be reliable and efficient in the diagnosis of pleuropulmonary infections. Up to this point, the protocol is used on a routine basis in a few European centers, specialized in thoracic ultrasound. In Romania, there are only few doctors with training in transthoracic ultrasonography and hereby we report the first case series of using TU for the immunocompromised patient, a protocol that will be implemented for the first time in the country in Cluj-Napoca at the "Ion Chiricuţă" Oncology Institute in collaboration with other centers of referral from the country. Our final objective is a new, modern algorithm of diagnostic for pleuropulmonary complex pathology utilizing ultrasound and specific laboratory tests, and CT examination when needed.
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